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METHOD OF FORMING A LOW ON-RESISTANCE 
DMOS VERTICAL TRANSISTOR STRUCTURE 

This application is a division of application Ser. No. 
07/570,094, ?led Aug. 20, 1990, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates generally to a method for fabri 
cating MOS type devices, and, more particularly, to an 
improved method for fabricating double-diffused MOS 
(DMOS) transistors with vertical path of current. 

In order to provide high voltage circuits for automo 
tive and other power IC applications, high voltage 
transistors are needed. In automotive applications, volt 
ages as high as 60 volts or more are possible across the 
circuit. The DMOS (double di?‘used MOS) is currently 
the device of choice in this area. 
DMOS transistors are fabricated in a self-aligned 

fabrication sequence. A channel region is usually ?rst 
formed by dopant introduction of one type dopant (p or 
n impurities) through an aperture in a mask of gate 
forming material to provide a channel region which is 
self-aligned with the gate. Then a'source region is usu 
ally formed by dopant introduction of a type opposite to 
that of the channel region through the existing aperture 
so that the source is self-aligned to both the gate elec 
trode and the channel region. 
The DMOS transistor is widely used in integrated 

circuits in applications which require high power capa 
bilities. In the 50 to 60 volt range there are other high 
power devices which could be used, but the DMOS 
allows the most current per unit area in this voltage 
range if low forward drop is required. However, the 
on-resistance of the conventional DMOS device should 
be improved to extend application areas. Making the 
smallest possible on-resistance represents a problem of 
prime importance in designing such power devices. 

SUMMARY OF THE INVENTION 

The described embodiment of the present invention 
provides a method and structure for a DMOS transistor 
structure with improved on-resistance. The structure 
uses conductive gate sidewalls. The gate sidewalls are 
formed of the same material as the central gate region, 
but are formed later in the process for self alignment 
purposes. The sidewalls allow the on-resistance of the 
transistor to be reduced without signi?cantly changing 
the characteristics of the transistor. 
The polycrystalline silicon gate of the DMOS transis 

tor consists of two parts. The central gate region is 
formed ?rst and is used for self alignment of a doped 
(channel) region in the substrate. Then the gate side 
walls are formed and a second doped region (which 
forms the source) is self aligned to the edges of the 
sidewalls. This process provides an optimization of the 
transistor for lower on-resistance. 

This is a method of forming a DMOS transistor struc 
ture. The method comprises: forming a polycrystalline 
silicon central gate region; forming a channel region in 
the substrate self-aligned to the central gate region; 
forming polycrystalline silicon gate sidewalls adjacent 
to the gate region; and forming a source region in the 
substrate self-aligned to the edges of the sidewalls. A 
channel region which is signi?cantly longer (Ld) than it 
is in depth (essentially Lj) can be produced between the 
source region and the drain region, and thus the method 
provides an optimization of the transistor for lower 
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2 
on-resistance. Thus this invention provides a DMOS 
device having a MOS channel length longer than its 
parasitic JFET channel length. 

Preferably channel regions are formed which are 
0.25-0.75 um in depth and the channel regions have an 
Ld of 1.0-2.5 um. 
The invention also is a DMOS transistor comprising: 

a polycrystalline silicon gate consisting of a central gate 
region and gate sidewalls; a source region self-aligned 
to an edge of the gate sidewalls; a drain region having a 
portion on the substrate surface, the portion on the 
substrate surface being self-aligned to the central gate 
region; and a channel region, which is signi?cantly 
wider than it is high, between the source region and the 
drain region. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view of a prior art DMOS 
transistor structure. 
FIGS. 2 through 6 are cross sectional views showing 

the processing steps of a preferred embodiment of the 
present invention wherein a polycrystalline silicon gate 

DETAILED DESCRIPTION OF THE 
INVENTION 

The DMOS (double diffused MOS) vertical transis 
tor is a power device of choice in automotive and other 
power IC processes. On-resistance per unit area of this 
device for a given breakdown voltage is an important 
parameter for such a power device. The new design 
shown in FIG. 2 has an improved on-resistance as com 
pared to the conventional design shown in FIG. 1. This 
improvement is on the order of a 25% reduction in the 
on-resistance and is described below. 
Shown in FIG. 1 is the conventional fabrication for 

this DMOS (double diffused MOS) transistor structure. 
In this conventional fabrication sequence, both the edge 
43 of p region 44 and edge 45 of n+ region 46 are self 
aligned to the edged-1 of the n+ poly region 42. Since 
n+ region 46 and p region 44 are both self aligned to 
the edge 41 of n+ poly region 42 (and edges 41a, 43a, 
and 45a are similarly related), the dimensions Lj and Ld 
are coupled and cannot be independently optimized. Lj 
is the parasitic JFET channel length which is approxi 
mately equal to the depth of the p region 44. Ld is the 
DMOS channel length which is the di?'erence between 
Lj and the depth of the n+ region 46. 

On-resistance per unit area for a given breakdown 
voltage is the most important parameter for this power 
device. One component of the on-resistance for the 
prior art device of FIG. I is the parasitic JFET resis 
tance in the drain. The parasitic JFET resistance is 
proportional to Lj. Parasitic JFET resistance is in 
creased because of the “neck” that is formed between 
adjacent depletion regions which pinches current ?ow 
through the distance Lj. The parasitic JFET resistance 
is explained in more detail in “Optimum Design of 
Power MOSFET's”, Chenming Hu, IEEE Transac 
tions on Electron Devices, Vol. ED-31, No. 12, Decem 
ber 1984. By reducing the length Lj, this region of 
pinched current flow will be decreased and the parasitic 
JFET resistance will be decreased. Therefore to reduce 
this resistance, Lj should be reduced. However this can 
not be arbitrarily reduced without affecting Ld in the 
prior art structure of FIG. 1. However, if the two quan 
tities Lj and Ld are decoupled then Lj can be reduced 
while maintaining the desired transistor characteristics 
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and the DMOS structure can be modi?ed for lower 
on-resistance. 

In the conventional method of FIG. 1, the parasitic 
JFET channel length Lj is larger than the DMOS chan 
nel length Ld. Because Lj is dependent on Ld in the 
conventional design in FIG. 1, Lj cannot be indepen 
dently reduced in order to reduce the JFET resistance. 
A reduction in Lj of the conventional design of FIG. 1 
would also reduce Ld. This would change the charac 
teristies of the transistor in an unacceptable manner. 
The purpose of this new design in FIG. 2 is to decouple 
Lj and Ld so that Lj can be independently reduced in 
order to decrease the .IFET resistance. The new DMOS 
device structure illustrated in FIGS. 2-6 decouples Lj 
and Ld such that Lj can be made smaller than Ld. This 
allows device optimization for a lower IFET resistance 
and a lower on-resistance per unit area. 
A cross-sectional diagram of the new DMOS device 

constructed according to the invention is shown in 
FIG. 2. The gate 24 and 30 is formed of n+ doped 
polycrystalline silicon (n+ poly). The n+ poly which 
makes up the gate consists of two parts, the central 
region 24 which is similar to the conventional design in 
FIG. 1, and the sidewalls 30 which are used to decouple 
Lj and Ld. The gate is formed at the surface of oxide 
layer 22 which consists of silicon dioxide approximately 
500 A thick. Oxide layer 22 is formed at the surface 
n-type substrate 20. Underlying the oxide layer 22 is a p 
region channel 26 which is self aligned to the edge 25 of 
the central gate region 24. The n+ region 32, which 
forms the source, is self aligned to the edge 31 of the 
gate sidewalls 30. N+ region 14 and n region 20 form 
the drain which provides the vertical current flow of 
the device. 

Referring to FIGS. 3 through 6, a method of forming 
the DMOS transistor of FIG. 2 is described in detail. 
FIG. 3 illustrates, in cross section, a partially fabricated 
gate with only the central portion of the gate poly re 
gion 24. The circuit is formed ‘on an n-type epi 20 grown 
on an n+ silicon substrate 14. The silicon dioxide layer 
22 is formed by local oxidation of silicon which is a 
process well known in the art. A polysilicon layer is 
then deposited over oxide layer 22, doped n+, pat 
terned and etched to form the central gate region 24. 
The central gate region 24 is typically on the order of l 
um in height and 2-3 um in width. 

P-type region 26, shown in FIG. 4, is then formed 
(e.g. by an ion implantation of boron ions) into region 20 
and diffused so that region 26 is self aligned to the edges 
25 of n+ poly region 24. P-type region 26 is on the 
order of 0.5 um in depth which is approximately the 
parasitic JFET channel length Lj. A poly layer 28 is 
then deposited overall as shown in FIG. 5. Poly layer 28 
is etched until the portion of poly layer 28 on planar 
areas is cleared leaving only the poly sidewalls 30 
shown in FIG. 6. The width of poly sidewall 30 deter 
mines the DMOS channel length Ld which is approxi 
mately equal to the width of poly sidewall 30 (Ld’s of 
this invention are preferably about 1-2.5 um ). Then n+ 
region 32 in FIG. 2 is formed (e.g. by an ion implanta 
tion arsenic ions) into p-type region 26. N+ region 32 in 
FIG. 2 is formed such that it is self aligned to the edges 
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4 
31 of the poly sidewalls 30. Region 32 forms the source 
of the transistor. The interconnections have been left off 
of the Figures for simplicity. 
The gate poly regions 24 and 30 are formed in differ 

ent steps because the two regions serve as self aligning 
masks for the formation of p region 26 and n+ region 
32, respectively. When the ions are implanted to form 
the doped regions 26 and 32, they diffuse laterally ap 
proximately the same distance that they do vertically. 
The ions spread out under the gate poly regions a dis 
tance equal to the depth of the doped region. Therefore, 
to decouple Ld and Lj, p region 26 and n+ region 32 
are, self-aligned to two different poly edges 25 and 31. 
The edges 25 of gate region 24 serve as a self aligning 
mask for the formation of p-type region 26. The edges 
31 of gate sidewall 30 serve as a self aligning mask for 
the formation of n+ region 32. The gate sidewalls 30 
allow Ld to remain the same length as in the conven 
tional design while Lj has been reduced. 
LjinthenewdesigninFIG.2issmallerthanLdand 

the JFET resistance is reduced. This gives a lower 
overall on-resistance which is the important parameter 
in’ this DMOS structure'and-is‘ a signi?cant improvew " 
ment over the conventional device of FIG. 1. The total 
on-resistance is reduced on the order of 25%. 
Although a specific embodiment of the present inven 

tion is herein described, it is not to be construed as 
limiting the scope of the present invention. For exam~ 
ple, the conductivity types shown in the preferred em 
bodiment may be reversed thus providing a P channel 
DMOS device. Many embodiments of the present in 
vention will become clear to those skilled in the art in 
light of the teachings of the speci?cation. The scope of 
the invention is limited only by the claims appended. 

I claim: 
1. A method of forming a DMOS vertical transistor 

structure on a substrate, said method comprising: 
forming n- epi drain region on an n+ substrate; 
forming a polycrystalline silicon central gate region; 
forming a ?rst region in the substrate self-aligned to 

said central gate region; 
forming polycrystalline silicon gate sidewalls adja 

cent to said gate region; and 
forming a source region in a portion of said ?rst re 

gion self-aligned to the edges of the sidewalls, 
whereby a remaining portion of said ?rst region 
providing a channel region which is signi?cantly 
wider than it is high can be produced between said 
source region and said drain region and thus a 
DMOS vertical transistor structure having a MOS 
channel length longer than its parasitic IFET chan 
nel length, and thus the method provides an optimi 
zation of the DMOS vertical transistor structure 
for lower on-resistance. 

2. The method of claim 1, wherein said central gate 
region and said gate sidewalls are n+ poly. 

3. The method of claim 1, wherein channel regions 
are formed which are 0.25-0.75 um in depth. 

4. The method of claim 3, wherein said channel re 
gions have an Ld of 1.0-2.5 um. 
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